Introduction {#s1}
============

As a well-known proverb says, "Everyone to his taste." there are large individual differences in subjective preferences. Such preferences individually lead to either positive or negative emotions, which seem to influence not only our potential personalities, but also the current behaviors. However, little is known regarding whether subjective preferences directly affect cognitive processing. For example, Are we able to better memorize a preferred visual stimulus? To address this issue, it is useful to measure the visual working memory (VWM) capacity, which refers to our ability to memorize and maintain visual stimuli temporarily (Phillips, [@B61]; Pashler, [@B58]; Rensink, [@B66]). Previous psychological studies have suggested that VWM has a limited capacity and large individual differences, based on parametric load manipulation in a delayed matching-to-sample task, which required the short-term maintenance of several visual items (Luck and Vogel, [@B46]; Cowan, [@B9]; Vogel et al., [@B80]). The VWM capacity can be increased by training (Klingberg et al., [@B37]; Olesen et al., [@B57]; Jaeggi et al., [@B24]; McNab et al., [@B51]) or enhanced motivation by rewards such as money (Pochon et al., [@B62]; Gilbert and Fiez, [@B19]; Krawczyk et al., [@B41]; Kawasaki and Yamaguchi, [@B31]). However, it not known whether VWM is affected by subjective preferences.

Many previous neuroimaging studies on humans have demonstrated that a vast network of brain regions---including the frontal, parietal, and visual cortices---forms the neural substrates for VWM (Courtney et al., [@B8], [@B7]; Postle and D\'Esposito, [@B63]; Pessoa et al., [@B60]). In particular, the frontal and parietal regions have been proposed to be associated with maintenance of mental representations. This is because activity in these areas is correlated with individual VWM capacity as demonstrated by electroencephalography (EEG) recordings (Gevins and Smith, [@B18]; Jensen and Tesche, [@B25]; Jensen et al., [@B26]; Vogel and Machizawa, [@B79]) and functional magnetic resonance imaging (fMRI) studies (Todd and Marois, [@B77]; Song and Jiang, [@B73]; Xu and Chun, [@B81]; Kawasaki et al., [@B33]; Cowan et al., [@B10]; Robitaille et al., [@B67]).

In contrast, the brain regions involved in preference decision-making are proposed to be part of the reward-related and emotion-related brain networks, as activities in these areas are enhanced during preference judgments, such as judging the attractiveness of faces or preferences for specific food and beverages. These networks are partially overlapped in the common brain regions including anterior frontal cortex, anterior cingulate, striatum, and amygdala (Aharon et al., [@B1]; O\'Doherty et al., [@B56]; McClure et al., [@B49]). However, the emotion-related brain networks are more likely to include hedonic hotspots, such as the nucleus accumbens and ventromedial prefrontal cortex with opioid or cannabinoid neurotransmissions, whereas the reward-related brain networks are involved in the dopaminergic mid-brain and dopamine projected areas such as the medial orbitofrontal cortex (Berridge, [@B3]; Kringelbach and Berridge, [@B42]; Dai et al., [@B12]; Smillie et al., [@B72]). Indeed, enhanced ventromedial prefrontal activity is strongly correlated with individual subjective preferences, while the dopaminergic mid-brain and orbitofrontal cortex show correlation with the reward values (O\'Doherty et al., [@B56]; Knutson et al., [@B40]). Moreover, recent fMRI studies have shown that the nucleus accumbens is involved in automatic and first impressions of preferences, whereas the orbitofrontal cortex is involved in decision-making (Kim et al., [@B34]).

Thus, although there is rich evidence for VWM- and preference-related brain activities individually, few studies have addressed the dynamic interactions between them. That is to say, there is little neurological evidence regarding how VWM-related networks are affected by differences in subjective preferences, although some studies have proposed that there are interactions between VWM- and reward-related brain activities (Pochon et al., [@B62]; Gilbert and Fiez, [@B19]; Krawczyk et al., [@B41]; McNab and Klingberg, [@B50]; Kawasaki and Yamaguchi, [@B31]).

In this study, we investigated the effects of subjective preferences on VWM capacity and its neural mechanisms, using time-frequency (TF) analyses of EEG data. EEG oscillations are thought to reflect the synchronization of a large number of neurons underlying a particular function (Varela et al., [@B78]). In particular, low frequency-band activities such as the theta (4--8 Hz) and alpha (8--12 Hz) oscillations are thought to be related to several functions of VWM, such as the manipulation and maintenance of mental representations (Mizuhara et al., [@B54]; Sauseng et al., [@B70]; Klimesch et al., [@B35]; Kawasaki et al., [@B32]). Theta activity also seems to be related to emotional changes caused by subjective preferences, as theta activities in the frontal and occipital regions that are associated with pleasant stimuli are higher than those associated with unpleasant stimuli (Sammler et al., [@B68]; Lindsen et al., [@B45]; Kawasaki and Yamaguchi, [@B30]). Moreover, frontal beta activity is associated with motivation and the relative evaluation of reward values (Cohen et al., [@B5]; Marco-Pallares et al., [@B47]; Kawasaki and Yamaguchi, [@B31]).

In this study, we focused on the individual subjective preferences for colors and compared the oscillatory behavior of the EEG under two conditions in a delayed response VWM task. In one condition, the subjects were required to memorize stimuli presented as colors that they preferred. In the other condition, we asked the subjects to memorize non-preferred colors. We hypothesized that subjective preferences would affect VWM processing, and both VWM capacity and associated EEG oscillation power would be reduced in the non-preferred condition.

Materials and methods {#s2}
=====================

Nineteen healthy right-handed volunteers (8 women, 11 men; mean age = 21.5 ± 0.5 years, range 18--27 years) took part in this experiment. They reported having normal or corrected-to-normal visual acuity, normal hearing acuity, and normal motor abilities using subjective questionnaires. All participants gave written informed consent, which was approved by the Ethical Committee of the RIKEN (in accordance with the Declaration of Helsinki), *prior* to participation in this study.

Before the EEG experiments, each participant completed a pretest to identify their personal color preferences (Kawasaki and Yamaguchi, [@B30]). In the pretest, participants were asked to choose between two colored squares presented in the right and left hemi-fields, relative to a central white fixation point on a 24-in. computer display (ProLite E2410HDS, Iiyama, JAPAN). Each trial consisted of 1 s of stimulus presentation, a 2 s response period for their judgment, and a 2 s inter-trial interval. Two colors were selected from the ten available colors \[white (*r* = 255, *g* = 255, *b* = 255), red (255, 0, 0), green (0, 255, 0), blue (0, 0, 255), yellow (255, 255, 0), magenta (255, 0, 255), cyan (0, 255, 255), olive (128, 128, 0), purple (128, 0, 128), and aqua (0, 128, 128)\]. Each participant completed 90 trials. All possible color combinations were presented twice, with a reshuffling of the right and left positions. We selected the most and least preferred colors for each individual using the number of times each color was selected.

In the VWM experiments, participants were required to memorize 2, 4, or 6 colored shapes (visual angle; approximately 1° × 1°, shape; circle, square, triangle, star, pentagon, parallelogram, cross, and trapezoid), which were simultaneously presented at random locations in an invisible 3 × 3 cell matrix for 0.2 s (Figure [1A](#F1){ref-type="fig"}, sample display). All colors were defined by the subject\'s favorite color ("preferred" condition) or least favorite color ("non-preferred" condition) in each trial. After a 2 s retention interval, the participants were required to judge whether a probe shape matched the shape at the same location in the sample display via a button press, while the fixation point was red for 2 s (test display). In half of the trials, the probe shape matched the sample shape. In the other half, the probe shape was replaced with another shape from the sample display. The inter-trial interval (ITI) was 2 s. Each participant completed three separate blocks consisting of 60 trials each, consisting of three shapes (2, 4, or 6) × 2 color preference conditions ("preferred" or "non-preferred") × 2 change types (change or non-change of the probe shape from the sample shape) × 5 repetitions. Therefore, each condition (number of shapes × color preference) totaled 30 trials. All participants practiced in a behavioral training session before the EEG-measurement sessions. The training sessions were identical to the real sessions in their procedures and both had 60 trials.

![**(A)** Schematic display of the trial sequences used for the visual working memory tasks, in the "preferred" and "non-preferred" conditions. Participants were asked to memorize either 2, 4, or 6 colored shapes, to maintain these shaped in working memory during the retention intervals, and then to judge whether a single probe shape in a test display matched a sample disk in the same location. **(B)** Estimated visual working memory capacity under the "preferred" and "non-preferred" conditions with different numbers of presented objects (2, 4, or 6). Error bars represent the standard error of the mean.](fnhum-06-00318-g0001){#F1}

EEG recordings were collected from 60 scalp electrodes (Ag/AgCl) embedded in an electro cap (Brain Cap; Brain Products, Germany) in accordance with the extended version of the international 10/20 system. Reference electrodes were placed on the right and left ear lobes. Electrooculography (EOG) measurements were recorded from electrodes above and below the left eye by monitoring eye blinks or vertical eye movements, and from electrodes placed 1 cm from the right and left eyes by monitoring horizontal eye movements. The EEG and EOG data were amplified using Neuroscan equipment (Compumedics NeuroScan Corp., Charlotte, NC, USA). The sampling rate was 500 Hz. The EEG data were filtered in the band-pass range from 0.1 to 50 Hz.

We segmented the EEG data into 3 s epochs (a 2 s retention interval and 0.5 s pre- and post-retention intervals; 1500 time points in total) for each trial. To reduce or eliminate artifacts, we conducted an infomax independent components analysis (ICA) on the EEG data from the correct trials. ICA components that significantly correlated with vertical or horizontal eye movements in the EOG data were rejected, and the ICA-corrected data were recalculated using a regression of the remaining components. To elucidate the cortical activity with decreasing errors from volume conduction, we applied current source density analysis using the spherical Laplace operator to the voltage distribution on the surface of the scalp (Perrin et al., [@B59]).

To identify the TF amplitudes during the retention interval, we applied wavelet transforms using Morlet\'s wavelets having a Gaussian shape in the time and the frequency domains around their center frequency (Tallon-Baudry et al., [@B74]). We used Morlet\'s wavelets for their high time and frequency resolutions, which allowed us to observe transitions in both the low and high frequency oscillations (Herrmann et al., [@B22]). The TF amplitude for each time point in each trial was the squared norm of the results of the convolution of the original EEG signals with a complex Morlet\'s wavelet function (*f*/σ~f~ = 7), ranging from 0.5 to 40 Hz in 0.5 Hz steps (i.e., 80 TF values at each time point for each single trial waveform). The TF amplitudes from the ITIs were averaged to generate the baseline amplitudes. The delay-period TF amplitude was calculated by subtracting the baseline data for each trial from each frequency band. The corrected TF amplitude was averaged across single trials for all conditions for each participant.

Results {#s3}
=======

Accuracy rates (percentage correct) were higher when we presented fewer objects in both the "preferred" and "non-preferred" condition (2 objects, preferred: 94.0 ± 1.5%; 2 objects, non-preferred: 93.5 ± 1.6%; 4 objects, preferred: 79.1 ± 2.3%; 4 objects, non-preferred: 77.9 ± 2.2%; 6 objects, preferred: 71.2 ± 2.3%; 6 objects, non-preferred: 66.7 ± 2.1%). A Two-Way analysis of variance (ANOVA) revealed a main effect of the number of objects \[*F*~(2,\ 108)~ = 72.69, *P* \< 0.01\], but no significant effect of preference \[*F*~(1,\ 108)~ = 1.54, *P* = 0.22\] and no significant interaction \[*F*~(2,\ 108)~ = 0.54, *P* = 0.59\].

The VWM capacity was estimated using Cowan\'s *K* formula: *K* = *N* × (hit rate + correct rejection rate---1), where *K* is the estimated number of objects stored in VWM, and *N* is the number of presented objects in the sample display (Cowan, [@B9]; Todd and Marois, [@B76]; Kawasaki et al., [@B33]). For each participant, each *K* value (*K*~2\ objects~, *K*~4\ objects~, and *K*~6\ objects~) was calculated for each conditions for the 2 conditions (preferred or non-preferred) × the 3 different numbers of objects (2 or 4 or 6). To identify the limitation of the VWM capacity of each participant for each condition, we compared *K* values among 3 different numbers of objects and selected maximum *K* value (*K*~max~) for the preferred and non-preferred conditions. These methods were based on previous studies (Vogel and Machizawa, [@B79]; Todd and Marois, [@B77]).

The averaged VWM capacity for each condition is shown in Figure [1B](#F1){ref-type="fig"}. A Two-Way ANOVA revealed a significant interaction \[*F*~(2,\ 108)~ = 6.87, *P* \< 0.01\], but no significant main effects of the number of objects \[*F*~(2,\ 78)~ = 0.20, *P* = 0.81\] or preference \[*F*~(1,\ 78)~ = 1.00, *P* = 0.32\]. There was a significant difference between the "preferred" and "non-preferred" conditions for the larger number of presented objects (2 objects, *Z* = 0.15, *P* = 0.88; 4 objects, *Z* = 0.78, *P* = 0.43; 6 objects, *Z* = 1.93, *P* \< 0.05). The maximum VWM capacity, which was defined by the maximum values among all VWM capacities for the number of presented objects showed significant differences between the "preferred" and "non-preferred" conditions (*Z* = 2.44, *P* \< 0.02; VWM capacity for preferred condition, 3.02 ± 0.16 objects; non-preferred condition, 2.62 ± 0.15 objects). These results suggest that subjective color-preference affected the available VWM capacity in our experiments.

To identify the specific pattern of brain activity representing VWM maintenance, we calculated the TF amplitudes from the 60-channel EEG data during the 2 s retention intervals in comparison with the baseline periods. For the theta (the frequency: 4--8 Hz) and alpha (12 Hz) amplitudes, an ANOVA showed main effects of the number of objects in the frontal and parietal regions which electrodes were shown in Figure [2A](#F2){ref-type="fig"} (*P* \< 0.05). The theta amplitudes in the frontal and right motor regions were enhanced with increasing number of objects, whereas the occipital alpha amplitudes showed opposite way.

![**(A)** (Left) Statistical topographic colored scalp maps of the theta (4--8 Hz; top panel) and alpha (12 Hz; bottom panel) delay-period activation showing p-values for the main effects of number of objects on ANOVA (*P* \< 0.05). The drawing shows the top view of the scalp. (Right) Bar graph showing the subject-averaged amplitude of theta frequency bands at the frontal (FCz) electrode and alpha frequency bands at the occipital (O1) electrode under the "preferred" (red) and "non-preferred" (blue) conditions. Error bars represent standard errors of the mean. **(B)** (Left) Statistical topographic colored scalp maps showing *p*-values for the correlations between individual *K*~max~ values (VWM capacity estimates) and the theta (4--8 Hz; top panel) and alpha (12 Hz; bottom panel) delay-period activation differences between the *K*~max~ and two items (*P* \< 0.05). (Right) Scatter plot showing the relationships between individual *K*~max~-values and individual theta and alpha amplitude differences between the *K*~max~ and two items at the frontal (F4) and occipital (O1) electrodes under the "preferred" and "non-preferred" conditions. Black lines represent the regression fit.](fnhum-06-00318-g0002){#F2}

Moreover, in order to investigate the VWM-capacity-related activities, we applied correlation analyses between the limitations of individual VWM capacities (i.e., maximum *K* values; *K*~max~) and individual differences in the amplitudes between *K*~max~ and *K*~2\ objects~. Significant correlations were observed in the averaged theta (4--8 Hz) and alpha (12 Hz) activities (*P* \< 0.05). The theta and alpha correlations were mainly found in the frontal/occipital and occipital regions, respectively. The topographic colored scalp maps for the significant statistical values are shown in Figure [2B](#F2){ref-type="fig"}. The frontal theta and occipital theta were positively correlated with individual VWM capacities \[electrode measuring the peak statistic value, F4; preferred, *r*~(19)~ = 0.38, *P* \< 0.05; non-preferred, *r*~(19)~ = 0.51, *P* \< 0.01\], whereas the occipital alpha amplitudes showed negative correlations \[O1; preferred, *r*~(19)~ = −0.58, *P* \< 0.01; non-preferred, *r*~(19)~ = −0.39, *P* \< 0.05\]. Although these statistical values were not enough for multiple comparisons, the frontal theta and occipital alpha oscillations are likely to be involved in the maintenance of VWM, which is similar to our previous findings.

Next, to investigate the pattern of brain activity representing the effects of color preference on VWM capacity, we compared delay-period oscillatory amplitudes between the "preferred" and "non-preferred" conditions under the high VWM load (6 objects), where the VWM capacity was found to be significantly different between the preference conditions. For the theta amplitudes (4--8 Hz), significant differences in amplitude were found in the frontal, parietal, and occipital brain regions (multiple comparison test with Bonferroni correction for the number of electrodes (i.e., comparison was 61); frontal (AF8 electrodes), *P* \< 0.05; parietal (Pz), *P* \< 0.05; occipital (O1), *P* \< 0.05). In addition, low beta activities (12--20 Hz) under the "preferred" condition were significantly higher than under the "non-preferred" condition, and the enhancements were distributed across both the right lateral frontal areas (F4, *P* \< 0.05) and the anterior frontal areas (Fpz, *P* \< 0.05) (Figures [3A,B](#F3){ref-type="fig"}). However, significant differences were not found in the alpha ranges.

![**(A)** Statistical topographic colored scalp maps showing *p*-values of the beta (16 Hz; frequency measuring the peak statistic value) activation differences between the "prefer" and "non-preferred" conditions. **(B)** Bar graph showing the subject-averaged amplitude of beta frequency bands at the frontal electrode (F4 electrode measuring the peak statistic value) under the "preferred" (red) and "non-preferred" (blue) conditions. Error bars represent standard errors of the mean. **(C)** Different time-frequency amplitudes during the retention intervals for "preferred" and "non-preferred" conditions for the maintenance of 2 (top), 4 (middle), and 6 (bottom) items measured at the F4 electrode. These values were normalized with respect to the inter-trial interval baseline and averaged across successful trials for all participants. The dotted vertical lines indicate the onset of the retention interval. **(D)** Topographic colored scalp maps showing *p*-values for the beta delay-period amplitudes, which were significantly correlated with increasing VWM capacity between the "preferred" and "non-preferred" conditions. **(E)** Scatter plot showing different VWM capacities and F4 electrode beta amplitudes between the "preferred" and "non-preferred" conditions.](fnhum-06-00318-g0003){#F3}

The time-course transitions of the different amplitudes between the "preferred" and "non-preferred" conditions on the right frontal electrode (F4) during the maintenance of 2, 4, and 6 items are shown in Figure [3C](#F3){ref-type="fig"} (top, middle, and bottom, respectively). The frontal low beta amplitudes, including the alpha amplitudes, were discretely higher during the retention intervals under the "preferred" condition. These enhancements were large and long-lasting, increasing with an increasing number of items in the sample display. On the other hand, the frontal theta enhancements were more sustained during the retention interval for six objects under the "preferred" condition in comparison to the "non-preferred" condition.

Finally, to identify the brain oscillations reflecting increased VWM capacity under the "preferred" condition, we examined the activity patterns under the "preferred" condition as compared to those under the "non-preferred" condition. Frontal beta (16 Hz; frequency measuring the peak statistic value) delay-period amplitudes were significantly correlated with the increased VWM capacity in preferred colors vs. non-preferred colors conditions \[see Figures [3D,E](#F3){ref-type="fig"}; electrode measuring the peak statistic value, F4: *r*~(19)~ = 0.55, *P* \< 0.01\]. The frontal areas overlapped the VWM capacity-correlated regions. For the other VWM-capacity-correlated regions, the frontal theta and occipital alpha amplitudes did not significantly correlate with preference-induced increases in VWM capacity \[F4 theta: *r*~(19)~ = 0.13, *P* = 0.41; O1 alpha: *r*~(14)~ = −0.09, *P* = 0.62\].

Discussion {#s4}
==========

The current study clearly shows that, subjective preferences for visual stimuli affect VWM capacity in individuals. VWM capacity was significantly higher with a subject\'s favorite color compared to their less preferred colors, particularly under conditions involving high VWM loads. This result is in agreement with previous findings showing that VWM capacity is enhanced by anticipation of high monetary rewards for correct answers, in comparison with low or no monetary rewards (Pochon et al., [@B62]; Gilbert and Fiez, [@B19]; Krawczyk et al., [@B41]; Kawasaki and Yamaguchi, [@B31]). Therefore, subjectively preferred stimuli *per se* may affect VWM systems, much like the anticipation of reward.

In relation to the behavioral results, our EEG results demonstrate that VWM-related brain activities are modulated by subjective preferences. First, we identified delay-period theta and alpha oscillatory activities in the frontal and occipital regions, which are related to number of objects to be remembered (VWM load) and strongly correlated with individual differences in VWM capacities, as patterns of brain activity directly related to VWM. These VWM-load and VWM-capacity-related brain mechanisms were not overlapped. These results might support the previous fMRI finding about functional dissociations between VWM-load and VWM-capacity-related regions in the fronto-parietal networks (Linden et al., [@B44]), although EEG has spatial limitations in comparison with their fMRI. Moreover, the frontal theta and occipital alpha activities showed opposing relationships to VWM capacity, as frontal theta activity was positively correlated and occipital alpha activity negatively correlated with VWM capacity. These results are somewhat consistent with previous findings using fMRI (Linden et al., [@B44]; Todd and Marois, [@B76], [@B77]; Song and Jiang, [@B73]; Xu and Chun, [@B81]; Kawasaki et al., [@B33]; Cowan et al., [@B10]; Robitaille et al., [@B67]) and EEG recording (Gevins et al., [@B17]; Jensen and Tesche, [@B25]; Jensen et al., [@B26]; Klimesch et al., [@B35]; Sauseng et al., [@B69]), even though many fMRI studies reported positive correlations between parietal blood oxygenation level dependent (BOLD) signals and VWM capacities. However, the negative correlations between occipital alpha activity and VWM capacity in the current study may well be because of negative relationships between the BOLD signals and alpha activities (Goldman et al., [@B20]; Laufs et al., [@B43]; Moosmann et al., [@B55]; Meltzer et al., [@B52]; Michels et al., [@B53]).

Thus, the frontal and occipital regions are candidate neural substrates for the maintenance of VWM, in agreement with a number of previous electrophysiological studies in non-human primates (e.g., Friedman and Goldman-Rakic, [@B16]) and many fMRI studies in humans (e.g., Curtis and D\'Esposito, [@B11]). Previous EEG studies have also reported that theta and alpha activities in extended brain regions increase during several VWM tasks, including delayed matching-to-sample, *n*-back, mental manipulation, spatial WM, and mental calculation tasks (Ishihara and Yoshii, [@B23]; Tesche and Karhu, [@B75]; Kahana et al., [@B28]; Raghavachari et al., [@B65]; Busch and Herrmann, [@B4]; Cooper et al., [@B6]; Mizuhara et al., [@B54]; Klimesch et al., [@B36]; Kawasaki and Watanabe, [@B29]; Klimesch et al., [@B35]; Sauseng et al., [@B69]; Kawasaki et al., [@B32]).

VWM-related frontal activities are affected by subjective preferences, as demonstrated by the oscillatory amplitudes correlated with VWM capacity being enhanced under the "preferred" condition as compared to the "non-preferred" condition. The effects of preference on theta amplitudes were strongly and sustainably observed during the retention intervals in this study. These results suggest that the frontal oscillations may reflect the motivational effects of subjective preferences via signals from the reward- and/or emotion-related brain regions during the maintenance of VWM, although these brain regions are proposed to be separated (Berridge, [@B3]; Kringelbach and Berridge, [@B42]; Dai et al., [@B12]; Smillie et al., [@B72]).

On the other hand, frontal beta activities play an important role in the facilitation of VWM systems by subjective preferences, much as they do with reward incentive motivations. Indeed, beta amplitudes were significantly correlated with increasing VWM capacity from the "non-preferred" to "preferred" conditions, which were similar to previous findings showing improvements in VWM capacity with increasing monetary reward (Kawasaki and Yamaguchi, [@B31]). The beta activities are unlikely to be involved in the enhancements of subjective preferences themselves, because the beta activities did not show any significant differences between the preferred and non-preferred colors during the preference judgment tasks in our recent study (Kawasaki and Yamaguchi, [@B30]). Moreover, frontal beta activities transiently increased during maintenance of a preferred color, in comparison with non-preferred colors. The modulated activities are distributed not only among lateral parts (F4 and F6 electrodes) but also among anterior parts (Fpz and Fp2 electrodes) of the frontal regions. The anterior and lateral frontal regions are thought to be involved in judgments of preference (Aharon et al., [@B1]; O\'Doherty et al., [@B56]; McClure et al., [@B49]).

The preference-related beta activities might be involved in opioid or cannabinoid neurotransmissions which play an important role in processing of emotion (Berridge, [@B3]; Kringelbach and Berridge, [@B42]). In contrast, the beta activities were also reported in the similar brain regions during reward predictions (Elliott et al., [@B14]; Knutson et al., [@B39]; O\'Doherty et al., [@B56]; Gottfried et al., [@B21]; McClure et al., [@B48]; Knutson et al., [@B38]; Kable and Glimcher, [@B27]) and the presentation of monetary reward magnitudes and their probabilities, relative to loss feedback for gambling (Marco-Pallares et al., [@B47]) and reinforcement learning tasks (Cohen et al., [@B5]). These enhanced frontal beta activities may be related to the mid-brain dopaminergic responses and striatal activities, because the durations of these beta amplitudes are similar to the time-course of frontal dopamine-related activity (Fiorillo et al., [@B15]; McClure et al., [@B48]; Schultz, [@B71]). Moreover, the dopamine-related activity is proposed to be related to the different personality traits which would be tightly linked to subjective preferences in the present study (Depue and Collins, [@B13]; Zald et al., [@B82]; Previc, [@B64]). Considering these data together, frontal beta activities seem to be related to individual different signals of motivation derived from not only reward-related brain regions bus also emotion-related brain regions. However, it is worth noting that EEG studies have inherent limitations in identifying the precise source of beta activity. Therefore, it is important to identify the detailed neural networks involved in motivation in future studies, possibly by making use of simultaneous fMRI and EEG.

In contrast to the frontal regions, occipital regions are involved in VWM maintenance, irrespective of subjective preferences, since the VWM-capacity-related alpha activities showed no differences between the "preferred" and "non-preferred" conditions. However, it is possible that the occipital alpha decrements were affected by the amount of visual processing, since we did not include a control condition requiring participants to merely look at but not to memorize the visual stimuli, as was included in previous studies (e.g., Todd and Marois, [@B76]). Indeed, the occipital regions contain various visual cortices. However, the occipital theta amplitudes for the "preferred" condition were higher than those for the "non-preferred" condition, even though the activity patterns did not directly represent individual VWM capacities. This may be explained by previous findings that attention-related occipital theta activities were enhanced by subjective preferences (Kawasaki and Yamaguchi, [@B30]), because VWM tasks require visual attention (Awh and Jonides, [@B2]).

In this study, it should be noted that there remains the possibility that not only subjective preferences but also other factors such as differences between the discrimination and familiarity of colors may affect VWM capacity and EEG differences (e.g., brightness, RBC dimensions and so on), because the chosen colors differed between the participants. (Preferred color: red, 3; green, 1; blue, 4; yellow, 1; magenta, 1; cyan, 3; olive, 0; purple, 1; aqua, 3; white, 2) (Non-preferred color: red, 3; green, 0; blue, 0; yellow, 1; magenta, 1; cyan, 2; olive, 7; purple, 1; aqua, 1; white, 3). Therefore, future study should rigorously clarify such effects of the color components on VWM capacity and EEG activities.

This study focused on the influence of the color preference on VWM capacity, however, visual stimulus included several features such as shapes. There are possibilities that preferred shapes are better memorized than non-preferred shapes. Unfortunately, it is difficult to judge such preferences of shapes in this study. So, it is necessary to confirm the effects of preference on the VWM capacity by using other visual features in future study.
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